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M2 SIS N =
BEEDD HHDY ZEEDD FHEDD EHD A
1) (R E R BT FOT, b BRI E RO RO, BRI E A SR, Jbat 100190)
2) (EREERE KPR F R, Jbal 100049)

(2018 4E 4 7 9 HUKHI; 2018 £E 4 H 21 HIRIEF )

T PR AR T M, AR R B — BRI e T B R IR I SE U B A R (DNA) 4544,
W5 e 05 5 TR DNA S5 R 7E I FR AN G B, AT A B AT T o 28 2 (1 1 B AR T e AVE FALEE. ARk
W R — P REAE e N ARG IR AT A B, Sso7d B AL T 1) — PR QL TR . IR ANHE T A% Sso7d 1 DNA S 11
FEAEH, A BT R RAG I B (¥ DNA A BETE my i FA B8 T ORFRIE M, A< i )5+ /) B sE (AFM) i
PP FARAETFBL, WEFT T Sso7d 55 DNA MAHELAEA. AFM BSEER 45 R4 T Sso7d 5 DNA #fE A it
FE: 454 Sso7d Jii, DNA ¥4 KA, SRJ5 H I loop 454, 2 DNA 2 BB NEUE % 5. B we s
BEIE T Sso7d HILE A XTI DNA XUEERIFAMA, S2i6 45 FR B Sso7d 45 & FET I DNA XU /1 HIRE K,
S BRI, THFLH Sso7d 5 DNA 45 & 045 588 AG = 3.1kgT, T4 5.5 ML (bp) 454 — > Sso7d,
BRI S E B KIS G R, BT EFRSE R, MR T Sso7d AElbfasE DNA 4541 JRIA.

KR Sso7d, QA A, JF T BB, Wi

PACS: 82.37.Np, 87.15.Kj, 87.80.Nj, 87.15.H~ DOI: 10.7498 /aps.67.20180630

15 =

TEAERN, B AL PERZIR (DNA) K E . ¥
SR RN A 1) S5 — V)3 B0 #5 A8 - oA 5% £ 5T 0 M
N BEAT . b Be 5T 8 A AE — V) AR YA A T
Jee AN ] 1, HAE R TR 45 4 A T g 1) S o
HAHEZEH, JUH WA 8 & DNA, £k
IESE R A pg i Fa e (. ARAE 16S A% R 14 A% B 1% IR
(RNA) FIA ], A A2 53 Ry = AN B 433 A 4 B
(bacteria) EAZ AW (eukarya) Fli 4l (archaea).
TEFHAZ YT, DNAEH E H (histone) I/EH T
9 4% A DN A ) A 45 4 50— /MR B 18
A% EMI RN, A7{E1R 2 DNA 45 & & H, W HU,
IHF, H-NS, Fis fll Lrp & (%91 783X $6 5% 19 19 /F 1]
N, Gefi)ii DNA #4778 oA — AN B0 454, 1
R, AR A R, Gt 5T 2R A AR A
M e O WA A R K] T (Eu-
ryarchaeota) F1 5% i i (Crenarchaeota), FLH )™

* ERERBHEIES (HHES: 11574381, 11574382) FEih 144,

T #{E/E#H. E-mail: xch@iphy.ac.cn
© 2018 FEYIEF S Chinese Physical Society

T, A7 AE 2580 histone f 3 (R 2 1 178, T R
B, WA Xt E, IR 12— RS
oy R BN TR H, W Alba, Sul7d, CC1
Hl Cren7 %5 19101 Horp i) Sul7d 7748 TRk 5 B
(Sulfolobales) H, & — £ %17> T8N 7 kDa H) 4+
U E, A SO 2 H A E Sso7d.

TEBALI B (Sulfolobus solfataricus) 1, Sso7d
MK EFAENREOREA, 54 &
1 B 1 5% [T 4R Ok S5t Sso7d ¥ 78 £ 1%
BIRN. SsoTd H 63 MR LR AL L 2, 7 F RN
7 kDa 3], ZEVEW Y, Sso7d LL AR TR 3045 & 7 XX
# DNA (dsDNA) | 214 &4 Sso7d 4 17 LA&E
& 4—6AMHEFEEXT 1], Sso7d 45 & ] LG I DNA
(g e 10171 3F HL IS 1 DNA 044 fif i 42
71 30.6 °C U8 N TR AR A 7K 52 5 3 104 i
TELFE A pH B G B 19, Sso7d BUAE & AE it R
FIZE R DNA A AT B 7 RO 3 mT DA Sy 32248
BEAMZAEAEEN DR E A, IF
i 338 30 EAR A F D921 B R N b 38 Sso7d Al
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DNA FE AL, W] LABE 47 4h R 4% Sso7d 7EIX 24 5
SR YIEE. Ssord 5/ Bt DNA (8 bp, bp
WEHEXT) 4G TG B A AR AT A 45 R BOR,
Sso7d £t & 7E DNA /N &) il il #k A DNA X3
JiE i DNA 7= 45 60° (1245 4 22291 B, o Fick
J B DNA 5 Sso7d K45 & IRES, A 7 s
R 771 BB (atomic force microscope, AFM)
(g 45 52 12241 {H IR AT B WL 45 H Sso7d 55 DNA
FIE IS FE. AR AFM 5 Sso7d B 45 6 X
DNA JEA RIS, A [FIRFE Sso7d 264 F K
JBtDNA 5 Sso7d 45 & Ja &5 1 1R, 435t
DNA ¥ B J ks FH 54y 1 WEBE AT 5T Sso7d 1 45
H XTI DNA XUEEII 2, W 5E 1 AN[E] Sso7d
FE 4T DNA XUEE R 10K/, THEAR 3] T Sso7d
MDNA Zi & S5 & e,

2 SEBAFE %
2.1 JBERARKRRNER

et i B A Sso7d, Hi [ BF A B A Mt 7T
PP 3 D05 R, )& J7VE S 25 SR (25, 20).
Sso7d ¥ T IR AF W W 1, AR A4 7910 mmol/L
Hepes (pH{H 7.6, 25 °C), 0.2% 4 MiE HEHA
(BSA), 0.1% Tween-20, 25 mmol/L NaCl, —20 °C
URFEORAF. WEBRSEG T, SRS AN Sso7d FI R A7
WA A, AFM i b, Dyt % BSA X A& 152
Mg, E il £ #F b R T T DNA 5 Sso7d % b
AU A& BSA.

2.2 DNA B$I&

SEIGHE A T = AR B DNA BLSEELAS [
R SEge H i — 2 8K B 3000 bp B E 5 DNA
(DNA1); — /2% 1200 bp 1 H5E DNA (DNA2);
ZREA KR (hairpin) 25 1K B2 3000 bp
DNA (DNA3). DNA1 A DNA2 B4 H 5 A Bt =0
B (PCR) #1175, DNAS3 [ % 7] 2 25 Sk [27],
DNA3 &4 — > hairpin 45 #J 1 7% 4~ dsDNA F- 4.
Horh, hairpin 4588 4 120 bp, AT DNA K
FE 5359124 2300 A1 700 bp.

2.3 DNA-Sso7d & 1IH951%&

TE = B ¥ W (10 mmol /L Hepes, pHAE 7.6,
25 mmol/L NaCl)#, £ £ ;0.5 nmol/L

DNAL %35 5 29K %5 0.5, 1.0, 3.0 pmol/L ) 4
i & [ Sso7d VA5, =il N5 min, 435
3B DNA:Sso7d i N18 : 7,9 : 7,3 : T
DNA1-Sso7d K N 7F=#); 2 J&, NS & 7= is i
SR 1) 3 8 ] 72 ¥ (10 mmol /L Hepes, pH {H
7.6, 25 mmol/L NaCl, 0.8% /% ), [& % 20 min;
g, F AFM i 5 %% (10 mmol /L Tris-HCI, pH
5 7.4, 10 mmol/L MgCly) B b ik fr 15 & 15
FIEE R, LA 2 = B A B ERE S, DNA2-
Sso7d S &I AR .

2.4 AFM K EHFRHIE

SE UG Bt H B9 AFM & Bruker 2 & [ & 2 9%
AFM Multimode 8. FH### . N scanasyst,
PR AL 5 4 scanasyst-air, 13 3# % 4 0.977 Hz.
REEFE A T FE 9 B12 pL A AR R
B G &R B DNA 5 Ssord I ) BL W, % 2T
HHI R (1 em x 1 em) &) W8 5 min; 2 J5H
4 mL I 2K e 2= BF v BL25 B 36 88 -1 R0 IR B
|z 7 BRI DNA-Sso7d 60, &5, A%
MBI BER M.

2.5 i iF

S0 Pt P R Bk Oy 2 T = S 1) A I T B e
B, REAIE N 20 Hz, 2504 BT DNA iy DNA3.
%6, DNA U /N ER (Invitrogen, Dynabeads
M-280, # [fil Streptavidin f£1fi) % 1 : 10 /K tb
BE, BIREEEIRS 5 min; 285, WK F
HHOI N Tl R 2 1 VR R 22 0 UK B, T N BE R
an Al W H 5 min; fJE, W AR A T 2 N
TR 27 1 VAR, v 25 i B T WG A /) SRR A SR 1)
DNA, Bl 5E B H A5 500 T R A

3 XBREXRGITH

3.1 Sso7dZE & S M BIDNAE B E K
YERT12

DNA1 7 5l 5 AN [5] % FE 1 Sso7d i WK 2 B
5 min J&, A A 2 R B E 20 min, 2R 5 H
AFM il Jr i W B, 19 B AW, 2 0l 3B =
BEF EHIE AR, MAFMEE LAl LA
R NI A ¥ E N 5 min B, 24 Sso7d : DNA [
JE L (7 ¢ 18) ELEAIRS, Wil 1 (a) Frax, DNA |
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HIUR 2 B 5, ST kb s & T Ssord.
Sso7d : DNA i & Lt (7 : 9) K25, DNA 7F Sso7d
PVER T, B E— AN B S E /M, W 1 (b)
fii7n. ¥4 Sso7d: DNA & bl (7 : 3) it — b4,
W 1 (c), #5% DNA B NEUR 2450, M
FAET, TR E B RS DNA #8158 /b,

N T kB AT Sso7d 5 DNA )45 4R 746 2
7 B IS 18] % AR AR AR, AR SO T 5y — 2 R S5
Fofth ) B % AR A B, R o048 BT ], FF Sso7d
ATDNA1 ) s B I 8] 2 5E 9 60 min. B 1 (d) &
Sso7d: DNA FIJfi & tb A 7 : 18 Kf, &3 60 min J&,
DNA1-Sso7d E& MMM S E, MEF A LA H
DNA H Bl loop £5#). 24 Sso7d: DNA [ i &t Ay
7 :9 B, 60 min 5, DNA1-Sso7d & & ¥4
G WE 1 (e) Fion, 7TLUE 2 £ 1 loop 2544, Tfi
H DNA #t— P A/ EERZ A . 24 Sso7d
5 DNA (i ik #) 7 ¢ 3 B, [ 60 min J&, 0
Bl 1 (f) BT, DNA S8 28R NEUE IZ 451, Toli
B H HDNA B MSEIR S R AT LLE BRI
H, 1£ Sso7d : DNA Jfi & WA R A2 F R, F15 min
SONEIT (] 28 AR EL, OSEIN TRISE K 2 Ji5, 7R YLt
JREE A Sso7d I1EF T, DNA AR5 B N g .

Zia LA ESS R FTRLE Y, DNA FEESR itz it
F46 T Sso7d BIME H 38U DNA M Z ¥, BE X

B [E] R ZE K loop HEBR; 2 J5 DNA 7E Sso7d HI1E
R BESREH — A BUE /M, ARV I DNA 4
SIATE/AMZ R B, B2 84 DNA S AR NEUE
MIRZ LR, T L, B Sso7d 4 RES 8 DNA 1
FE ¥ R, K U A R A I B AR Sso7d Y AR vy Y
SRR L.

Loop 45 14 () H B J& DNA 1 %k 58 3 72 o -+ 43
FERIFFY. BT DNA1-Sso7d E AW 4B &
Z, # DNA KK A G B FAT. Hik, A% H
— 261548 it DNA 4% (DNA2, 1200 bp) fi# T Sso7d
5 DNA M &5 & 1) 9258, H AFM B an & 2 fiow,
S R T DNA loop HITERGE AR, Sz,
Sso7d MIDNA [ & N 7« 18, [ 8] 73 51l &
JEA5 min M60 min. M5 min 5, DNA # R 40
2 (b) A& 2 (c) Fiax, DNA 8 B [FFE R 25
¥r; )M 60 min 5, DNAM R WK 2 (d) s, &
P NI, H+ H B loop 45 #4. BEAN I B i AR AR
N Sso7d 454 /E DNA L, { DNA K4S L
T DNA 5 ff Hi, Sso7d 7 IE L, Sso7d ()45 & H Al
T DNA {1585 B4, DNA [ /A2 55, DNA
BSER D M DM DNA BEAH 5, 456
7E DNA I [1) Sso7d Z [/ A fE K AEM BEAEH S350 T
loop 5T HV B, MM 3E DNA FIE— DR,

K11 3000 bp DNAL 5ARMKER Sso7d WRAIEHE M AR (a) 0.5 pmol/L Sso7d, 5 min; (b) 1 pmol/L
Sso7d, 5 min; (c¢) 3 pmol/L Sso7d, 5 min; (d) 0.5 pmol/L Sso7d, 60 min; (e) 1 pmol/L Sso7d, 60 min;

(f) 3 pmol/L Sso7d, 60 min

Fig. 1. Conformations of 3000 bp DNA1 reacted with different Sso7d concentration: (a) 0.5 pmol/L Sso7d,
5 min; (b) 1 pmol/L Sso7d, 5 min; (c) 3 pmol/L Sso7d, 5 min; (d) 0.5 pmol/L Sso7d, 60 min; (e) 1 pmol/L

Sso7d, 60 min; (f) 3 pmol/L Sso7d, 60 min.
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2
(b), (c) 5 min; (d) 60 min
Fig. 2. Conformations of 1200 bp DNA2 with 0.5 pmol/L Sso7d reacted at different time: (a) 1200 bp
DNAZ2; (b), (c) 5 min; (d) 60 min.

3.2 Sso7d{EDNAZTIHHBEN=Z

7EE 1 (a) M1E 2 (b) o', DNA# Sso7d 45 & )5
KA, KT Ssord 5l L1 DNA 1) 25 91 M FE 1)
KN, AR SCHRIRGE. AR AR T
Sso7d 5l A2 DNA 2547 ff1 i A 30° 28] (B & AE A%
JPRSLIG P, WA N DNAES A S A RS
Z AN D) AR 75 5 5 S0 47 B DN i 245 3L o IR A
25 WAME SCERAS B T 1 Sso7d 5 DNA A H.AE
J& B 45 454, D45 Sso7d f# DNA 25 31 60° [22:23]

Counts

3 DNA B il

1200 bp ) DNA2 K H 5 0.5 pmol/L [f) Sso7d ¥ i AF F A~ [7) B 18] J& (14 #4) 2 1

(a) 1200 bp DNAZ2;

3 W Foxf 2 7R 5E, AR S AR AT 5 5258
H ) Sso7d-DNA & &4 B8 [ e v — Flka )
TE B R ZE A IR B, AN B IR LR IV 1)
SORAE P E AFM 5256 ) Sso7d FI DNA 7E i 4
WM EAE, 2 J5 H 82 G S i — 1 [
€, PRI AFM B e % A ff kb S il I 78 7 1
BT HIRAS, BN E szt s i AR FOR A, A
X AFM 25 1 () DNA B 7 A FE o 4T T &
guit, Wl 3 Frow, ik i G, 45 208 4 A A
N 58.5°.

(b)

mmm Counts of kink angle

Gaussian fitting

100

20 40 60 80 120

Kink angle/(°)

(a) DNA B ELNEREIE; (b) T MG A A el & 2

Fig. 3. Measurement of the DNA kink angle induced: (a) Schematic diagram of DNA kink angle measure-

ment; (b) histogram of the counts of kink angle and Gaussian fitting curve.

3.3 Sso7dHy % & X T FFDNA N §% B

11

AL B 1 Sso7d & E AR, o AT
FI RS R 5% U, an s EE ) Sso7d, A2 LUK
DNA BN 1 (f) B IS 8E5 ), i DNA 4
AT E. B DNA IS SLIG BoR, £ DNA ¥
BRI — & B Sso7d, AT LLE DNA FI1E i
P21 30.6 °C U8l AT L, Ye 5 K [ Sso7d A LR

5 dsDNA [#hdase v, PRk, ASCTm g & Je o
JREE A Sso7d J&, ¥t m DNA XU 45 AR, bk
A AEIHR B TT DB H R BN T DNA XU T /5
A EIAL. T IT DNA XUEE ) 37T LU i 3
THRESE S0 AT I

ASCHT RS B oR B WK 4 (a) B, Bt
FH DNA JK#)7& DNA3, A —B 120 bp 1 hair-
pin 544, &l 4 (b) 284511 B 1 SZE6 e 742 v P
FIHIAR T FE DA S DNA (7 4 il 2%

148201-4
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SbF ) 120 bp hairpin DNA, 7543 5256
FAN, ASHROBEAREL T, SN e
PE/NER B 13 K 220 14 pN B, hairpin # 5€
AFTIF. BEE M Sso7d WK EEI$E &1, $T 7T hairpin
JIT 75 B DI R, W 4 (c) s, 24 Sso7d
WPEIEE] 1 pmol/L I, #THF hairpin 1 1 HIK/NA
19 pN I, 2 J5 F$2E & Sso7d [ &, 4T JF hairpin
1S IA AL

SEBS I T hairpin #% T F R BLUEE ) KB,
K FEBE Sso7d W BE ARk 7 R A2 A2 Ak, W] 4 (d)
Fran. 4 Ssord B FE M O FF 46 3% 37 14 KB, hair-
pin B FT TF K BEZ T G K, H R R 2 B % Sso7d ik
FEMIIE K, #7791 hairpin B JJAERS K, Bliks 2 8] ¥ ER
B 6 77 B HE OKTHE OK, ATTT 5 B hairpin 4T F
FCEREE S R RSSO, (H 2, 24 Ssord B FE it —
AP hairpin 17 )5 B BE R 46/, SEi ]
AE 2 [A N hairpin 48 4 B 88 J5 15 Sso7d 45 A 7E L

) @ Foce @D

dsDNA handle ¢

hairpin DNA

dsDNA handle

20 T T T T T
Z. (c)
o
~
i
o
2 18 T
5]
f B Experimental data
2 —— Trend line of data
g
S 16 y
o0
k=
g
2
5 14+ b
1 1

I 1 1
0.0 0.5 1.0 1.5 2.0

Sso7d concentration/pmol/L

4 Sso7d X} FTH dsDNA ¥ 51

W FBHK S

GG TG REN IS & P F 2
RERAE AL 27 e BEEAT (1) e KRR B2, X 5256 Fr 49 1Y)
120 bp ¥ hairpin fEAS [ BE R Sso7d BIZ&AF R 4T
IF hairpin ] /3 #E4T 53 47, 7T LL4S 3 Sso7d 55 DNA
S IR 45 BE AT T B AN R AL

Sso7d AR KL S5 & E DNA |, MR K
Sso7d 145 & B A Y FE &8, K AR 8 & A SsoTd
()4 & Z AL FIE R, # Sso7d 5 DNA (1)
BANGEERR RN

+

n

DNA - (Sso7d),,—1 + Sso7d

kn
DNA - (Sso7d),, (1)

kb R ke, 23 990 9 IE 38040 27 s B 4 5, 0 T
€ K E 1 hairpin XU BE, B2 7] LLgE & N A
Sso7d. % 7€ hairpin . H — > Sso7d 45 & A & B,
ki =k*, kT =k~. Hhairpin FAH A SsoTd 45 A

Force/pN
I
TS

=

—
(<A
(<=}

—
(=
(=)

DNA length/nm
o
=)

114 T T T T T

108 .
106 | \ _
104 _
102 .

1 1
0.0 0.5 1.0 1.5 2.0
Sso7d concentration/pmol/L

Length of unfolding hairpin/nm

(a) 525677 % B, (b) hairpin BT F 1525 H12; (c) 37 JF hairpin 17758

Sso7d IKFEARLL; (d) ANFREE Sso7d 4548 F, hairpin #4774 555 I
Fig. 4. Influence of Sso7d on dsDNA: (a) Schematic diagram of the experiment; (b) example curves of

hairpin unfolding; (c) variation of hairpin unfolding force with Sso7d concentrations; (d) length of unfolded

hairpin DNA at different Sso7d concentrations.
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PLAS, 55— Sso7d Ml hairpin &5 & B, k7 = 2k,
ki = k7; % = Sso7d 45 & DNA K, [A % — 14
Sso7d Al hairpin 145 & AR, 45 &AL s b — AN,
il BT s I — AN, MR 85 A ORI R T LAk
NNk =kt R NIEEFE, by = 2k, iK1
HKHE, A5

kP =[N —(n-1D)k", k; =nk=.  (2)

Sso7d 5 hairpin [ NAK Fik BN, 1R
SN TR A S, BN R REAS 2 53 BT o B B AN AR,
F ks &P it 2. N DNA 57 R E Sso7d 45
A S B HL K S 56 Ha 110029 DA R AR S5 56 KA R
Al LUAE H, X FASE ) Sso7d # ¥, hairpin 45 &
) Sso7d # & 2 A —FEH, XA R AT LA & )
iy % DNA-Sso7d B 512 8] K FE EL R R
X RN TR (1) AAE R KR

[DNA - (Sso7d),—1]
[DNA - (Sso7d),,]
nk~

~ (N = (n—1))[Sso7d] - &+’ ®)
[DNA - (Sso7d),,_1] fil [DNA - (Sso7d),,] 75X} B ik
BB AP 455 n — 1> Sso7d Fgh & n /> Sso7d
1 DNA-Sso7d B AW 2. A (3) 2l UK B
#/> DNA-Sso7d & & Wk 2 1) 2 AR A X)
T AN E 1 SsoTd W, BEF SsoTd &5 & M 4in
HI3E 0, EFEAn H, k2 X B FE AP RE E 1)
DNA-Sso7d & & ¥, Ho -5 2 i o5 1) L A7)
K, R R I 456 TN E O E. X
ot N AFEANA] Sso7d W, W] LALE hairpin b
WELFIAE] [ Sso7d 25 A4 E MR A

XF T 454 55 N A Sso7d (A (PRI, 7778 4
TRAZ:

[DNA - (SsoTd)w—) - Nk=
[DNA - (Sso7d)y] [Sso7d] - kT

BE A& Sso7d WK FE I3 K, 45 & 7E hairpin F
Sso7Td B EHE 2, 4 Sso7d WK T3 — I FHE I,
5575 DNA ) Sso7d [P &k R A, Shiy

[DNA - (Sso7d) y] ~ [DNA - (Sso7d)n_1],
+

N = [Sso7d] - Z—_ (5)
M AT FF hairpin (¥ 77 B Sso7d ¥ £ 1) 742 1k 1)
SEE i 26 B 4 (c) W BLAE H, % SsoTd WE = T
1 umol/L i, 4T hairpin i /1 JL-F AN 3G K. IX
WA 2 Ui, 24 Sso7d K EE A 1 pmol/L I, Sso7d [#)

ghi G AR B MR, R, (5) ALY [Sso7d] =
1 pmol/L.

H T Sso7d 145 A 5 34T T hairpin 1 /148K,
Sso7d 5 DNA 11454 68547 T hairpin [ 68 & 28
PERASE, AR DR 243K B0 AT IS 34 F % &

n-AG = F.’E(F')dF’, (6)

Fo

A Fo AR Sso7d BT FF hairpin (1) 77 K/,
FEARTCSER 264 RN 13.7 pN; F NI Sso7d J5 4T
FF hairpin [ KN, 2(F') Ron$i S8 BT I
hairpin BT 7 R M A FEAE 4 n 45 & 7E hairpin
I Sso7d N AG NHAS SsoTd 4 A HIRER.

Kl 1 (e) #1 & 2 (d) Bt FH DNA : Sso7d Jii & Eb AH
[, X EL P AT, DNA K, BERIE &, Kt
HEM, 5 DNA ARG 5%, BT hairpin (95 R,
HUAE 1 hairpin W A #E5, A5 FE R A Sso7d 5
hairpin &5 & Z A HARRE R, H AT DAAS R E
SsoTd ¥ TS & B RER KR,

FH AT SC 43 AT AT, 24 Sso7d W FE M 1 pmol /L
i, Ssord f) & A ik BB A, )5 B hairpin T JF
fr LA, KN A19 pN. AT A5
6 F MR Sso7Td K, N - AG = 68.1kpT. ¥
X — 45 R 5045 B R E R R AL M
%%&E‘J%%(@iﬁﬁ%ﬁ, R 4 BT 46 JE 5 i 5% &

Ko = ’%_ — g AC/(knT) T L) 455

N = [Sso7d] - wg eAE/ kT (7)

Keoq A ORI 1485 5 5 wo A B S50 2 4
SHRHMSH, S5k P A KPS
Ab T DLECAE 9 100 (mol /L) . ) 5256 B 43
T FF hairpin (1) 77 (148 DL K& 25 A 18 B AT Sso7d
M) FEAE, AT LT H — > Sso7d 5 hairpin
AT NG A BEAG = 3.1kpT, V7% %
Keq = 2.2 x 107 (mol/L)~!, &8T5 H 120 bp
hairpin 7] PL45 4 SsoTd AN BN = 22, V%
A Sso7d (4 DNAS.5 MRS (A7 B, 1IXx — 45 3
5 DNA-Sso7d & & Y1) 45 i 45 14 fifg A 45 S A0 —
22 BAIE T AR S S B R RO .
Sso7d 5 hairpin &5 & Jr = A2 R 45 & RETT LA H,
B — > Sso7d M 45A REAAR AT W, T A=Wk K
&1 Sso7d & LLK DNA 582, B—1>Sso7d 5
DNA [ 4 & #8225l NS RN 245 A RE, X4
A REM A FEfARRE T Ssord N RS HE 7 DNA (45
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fipe i JRE DA B T A P T B e A vl T 4 LR R
FRE .

4 % #®

1) 383 XF L AN [ e B2 2% A1 R A2 R ) DNA-
Sso7d E &Y AFM K14, & 2| DNA 7£ Sso7d 1F
R Z D BRI R Sso7d A1 DNA fAH HAFEH,
/5K N DNA 1B ¥, 852374 loop 2514, LA
Iy it gt — 0 B R, P loop &5 14 I TR Ak
Tk R A 7 AT U8 00 ).

2) M T 454 Sso7d J& [ DNA BE 125 47 /1 1,
A 2 N 58.5°, 5% R LR A% AN S A AT
WG T IE R LG, T EC S M S R T AR ERAS R
Sso7d fIDNA 145 5K 3.

3) FWLE% J7 1518 2] T Sso7d [ 45 & Xt 4T IF
DNA BUEEIF I II52 0, B8 7 A1 15 31— Sso7d 45
476 DNA XUEE B =AM 45 A 88 AG = 3.1kgT,
fiRBE T SsoTd BEWS = DNA. 144 i 5B 14 Ji 18] A
A P B G e 7E e L T SERE R R AR

PL S 4548, fRFE T Sso7d X DNA K {4
MUER, X5 B Ak B8 AR VAR T8 S A 5 T M A% R ) R
LR PR E SR AL T AT REI 264, T 4FSK, Sso7d 1
RAFRLE H DU F 2210 T U ITE R T RS,
RN HAE 5T Sso7d 5 DNA A B AE ik 72, Ak
HEH B ARG 7 Sso7d IThBEIR (L T BEIG IR,

TR HH ] ARk 2 B Aol 2B IR 90 B B 0 A I SR A S G P
HE A Sso7d.
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Abstract

Fach organism has its own set of chromatin proteins to protect the stable structure of DNA and thus maintain
the stability of genes. Sso7d is a small nonspecific DNA-binding protein from the hyperthermophilic archaea Sulfolobus
solfataricus. This protein has high thermal and acid stability. It stabilizes dsDNA and constrains negative DNA super-
coils. Besides, the Sso7d binds in a minor groove of DNA and causes a sharp kink in DNA. By observing the interaction
between chromatin protein and DNA structure, we can understand the function and mechanism of chromatin protein.
Sulfolobus solfataricus can survive at high temperature. To understand why the DNA of Sulfolobus solfataricus retains
activity at high temperature, we investigate the interaction between Sso7d and DNA by atomic force microscope (AFM)
and magnetic tweezers. Atomic force microscope and magnetic tweezers are advanced single molecule experimental tools
that can be used to observe the interaction between individual molecules. The experimental result of AFM reveals the
process of interaction between Sso7d and DNA. The DNA structure changes at a different concentration of Sso7d and
depends on reaction time. At a relatively low concentration of Sso7d, DNA strand forms a kink structure. When the
concentration of Sso7d is increased, DNA loops appear. Finally, DNA becomes a dense nuclear structure at a high
concentration of Sso7d. If the time of the interaction between Sso7d and DNA is increased, DNA structure tends to
be more compact. These results indicate that high concentration of Sso7d is important for the compact structure of
DNA. We design an experiment to find out the formation of the looped structure on DNA. Moreover, we measure the
angle of kinked DNA and compared it with previous result. Through the experiment of magnetic tweezers, we measure
the forces of unfolding the double-stranded DNA complexed with Sso7d at different concentrations. The experimental
results show that the binding between Sso7d and DNA increases the force of unfolding the double-stranded DNA. The
binding energy between Sso7d and dsDNA is 3.1kgT which is calculated from experimental data. It indicates that DNA
base pairs are more stable when chromatin protein Sso7d exists. These results can explain the survival of Sulfolobus in

high temperature environment.

Keywords: Sso7d, chromatin protein, atomic force microscope, magnetic tweezers
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